CRISPRi allows optimal temporal control of N-acetylglucosamine bioproduction by a dynamic coordination of glucose and xylose metabolism in Bacillus subtilis.
Glucose and xylose are the two most abundant sugars in renewable lignocellulose sources; however, typically they cannot be simultaneously utilized due to carbon catabolite repression. N-acetylglucosamine (GlcNAc) is a typical nutraceutical and has many applications in the field of healthcare. Here, we have developed a gene repressor system based on xylose-induced CRISPR interference (CRISPRi) in Bacillus subtilis, aimed at downregulating the expression of three genes (zwf, pfkA, glmM) that control the major competing reactions of GlcNAc synthesis (pentose phosphate pathway (HMP), glycolysis, and peptidoglycan synthesis pathway (PSP)), with the potential to relieve glucose repression and allow the co-utilization of both glucose and xylose. Simultaneous repression of these three genes by CRISPRi improved GlcNAc titer by 13.2% to 17.4 ± 0.47 g/L, with the GlcNAc yield on glucose and xylose showing an 84.1% improvement, reaching 0.42 ± 0.036 g/g. In order to further engineer the synergetic utilization of glucose and xylose, a combinatorial approach was developed based on 27 arrays containing sgRNAs with different repression capacities targeting the three genes. We further optimized the temporal control of the system and found that when 15 g/L xylose was added 6 h after inoculation, the most efficient strain, BNX122, synthesized 20.5 ± 0.85 g/L GlcNAc with a yield of 0.46 ± 0.010 g/g glucose and xylose in shake flask culture. Finally, the GlcNAc titer and productivity in a 3-L fed-batch bioreactor reached 103.1 ± 2.11 g/L and 1.17 ± 0.024 g/L/h, which were 5.0-fold and 2.7-fold of that in shake flask culture, respectively. Taken together, these findings suggest that a CRISPRi-enabled regulation method provides a simple, efficient, and universal way to promote the synergetic utilization of multiple carbon sources by microbial cell factories.